Six mature Holstein cows in late lactation and fitted with permanent ruminal, duodenal and ideal cannulae were used in a double 3 • 3 Latin-square design to study the effect of roasting or extruding of cottonseed on protein degradation in the rumen and availability of amino acids in the small intestine. Raw whole cottonseed (CS), extruded whole cottonseed (ECS), and masted whole cottonseed (RCS) were fed in diets containing 17% crude protein and composed of 42% whole cottonseed, 26% corn grain and 29% hay supplemented with dry molasses, vitamins and minerals. The diets were isocaloric and contained 1.86 Mcal NEL/kg. Acid detergent lignin was used as a digesta marker, and diaminopimelic acid as a bacterial marker. Ruminal ammonia concentration was higher (P<.05) for CS than for ECS and RCS (15.7, 12.7 and 10.2 mM). Concentrations of isobutyrate (1.3 vs 0.8 and 0.8 raM) and isovalerate (!.8 vs I.I and I.I mM) were higher (P<.05) for CS compared with ECS and RCS. Non-ammonia nitrogen flow to the duodenum (g/d) was 248, 300 and 350 for CS, ECS, and RCS, with RCS higher (P<.05) that in CS.
Introduction
Utilization of supplemental proteins can be improved by chemical (Nishimuta et al., 1973 (Nishimuta et al., , 1974 or heat treatment (Plegge et al., 1982) . Formaldehyde has been the most common chemical used, but it has the important disadvantage of being hard to work with and is not allowed in some countries as a means of protecting protein from microbial degradation in the rumen. Heat treatment has the advantage of being safe, and with the right kind of equipment, can be done rather inexpensively. RelatThe authors are grateful to Mr. Paul Fritschel for his assistance with amino acid analysis and to Mr. Ralph Lance for feeding and caring of the experimental animals. Appreciation is extended to Cotton, inc., 4505 Creedmoor road, Raleigh, NC 27612 for providing the cottonseed. tively little is known, however, about optimal heat treatment conditions and subsequent amino acid availability in the intestine following heating. Whole cottonseed is a popular feedstuff for dairy cows due to its high fiber, high energy and high protein content. It is of interest to know if heat treatment of cottonseed can be an effective means for decreasing degradation of cottonseed protein in the rumen. The objectives of this study were to determine the effects of roasting or extrusion of cottonseed on protein degradation in the rumen, flow of protein in the duodenum and availability of protein in the small intestine of lactating Holstein cows.
Experimental Procedure
Six multiparous Holstein cows fitted with permanent rumen cannulae and indwelling Ttype cannulae at the duodenum and terminal ileum were used. The duodenal cannulae were proximal to the bile ducts. The average body weight of the cows was 647 kg, and all were in late lactation at initiation of the experiment.
Cows were randomly allocated to three treatments: raw cottonseed (CS), extruded cottonseed (ECS) and roasted cottonseed (RCS) in a 1423 J. Anita. Sci. 1986. 62:1423-1433 double 3 • 3 Latin-square design (Steel and Torrie, 1960) with three experimental periods of 14 d each. The first 10 d of each period were considered as adaptation and the last 4 d as the sampling period. The test protein sources were whole cottonseeds that were either roasted or extruded. The roasted cottonseeds were heated for approximately 3 rain in a drum roaster 6 at an air temperature of 304 C. The temperature of the seeds upon exit from the roaster was 232 C, but due to water evaporation, cooled quickly to approximately 165 C. They were stored in barrels for 90 rain at this temperature, after which they were spread on the floor to cool. The extruded cottonseeds were prepared by a commercial dryextrusion process 7. Temperature of the cottonseed within the extruder approached 150 C and remained within the extruder about 30 s. The temperature of the extruded cottonseed dropped finally to approximately 95 C upon exit from 6Gem Roaster Co., Winona. MN. 7prepared by Triple "'F" Inc., Des Moines, IA.
the extruder due to water evaporation and approached ambient temperature within 5 to l0 min after extrusion.
The ingredient and chemical composition of the experimental diets is shown in table 1. Whole cottonseeds were mixed with chopped hay and this in turn was mixed with the grain at the "time of feeding. The rations were formulated to be isoealoric (1.86 Mcal NEL/kg) and isonitrogenous (17.3 % crude protein, dry matter basis). Cottonseed supplied 62% of the total dietary protein 9
The cows were individually fed the experimental diets ad libitum four times daily at 0400, 1000, 1600 and 2200 h. The amount of feed refused averaged 4.5% of feed offered. Feed refusals were sampled and frozen (-20 C) daily.
Samples of feed ingredients were collected in each period for analyses. During every sampiing period 12 samples each of rumen fluid (RF), duodenal and ileal digesta and feces were sampled at l, 3 and 5 h after feeding. The sampling was spread over 72 h to yield three samples for each feeding shift.
Samples of RF (500 ml each) were taken from the ventrocranial sac of the rumen through the cannula. The RF was strained through two layers of cheesecloth and divided into two portions: one 30-ml aliquot was mixed with 1 ml of 2 NH2SO 4 and frozen (-20 C) for subsequent ammonia and volatile fatty acid (VFA) analyses. The rest of the fluid was placed immediately into separatory funnels for separation of protozoa (Stern et al., 1977) . The liquid phase from the separatory fuimel was centrifuged at 38 g for 10 rain to remove feed particles and the supernatant was then centrifuged at 25,000 g for 25 rain to precipitate the bacteria. The pellet was washed twice with .89% NaCI solution and kept frozen (-20 C) until further analysis.
The duodenal and ileal digesta samples (400 ml each) were frozen ( -20 C) after collection. Each duodenal and ileal sample was homogenized in a blender and three separate aliquots of 25 ml were composited for each cow. Two of the composites were freeze-dried for 48 h, ground to pass a 2-ram screen and kept for chemical analyses. The third composite was used for analysis of ammonia.
About 200 g of fresh feces was collected per cow and immediately dried at 50 C for 48 h. The dried samples were ground (2-mm screen) and composited.
Feed ingredients, feed refusals and duodenal and ileal samples were analyzed for the following: Total N by the Kjeldahl method (AOAC, 1980) with selenium as a catalyst; acid detergent fiber (ADF), lignin and acid detergent insoluble nitrogen (ADIN; Goering and Van Soest, 1970) ; and amino acids (AA) by using a JEOL 8 JLC-GAH AA analyzer after hydrolysis in 6 N HCI at 105 C for 21 h. Cottonseed was measured for ether extract (AOAC, 1980) and soluble nitrogen (Tagari et al., 1962) . In situ digestibility of cottonseed was determined. Fecal samples were analyzed for total N, ADF, lignin and ADIN. Lignin was used as a digesta marker and diammopimelic acid (DAPA) as a marker for bacterial protein in the rumen and the duodenal digesta (Czerkawski, 1974 Ruminal, duodenal and ileal fluid were analyzed for ammonia N using steam distillation (Bremner and Keeney, 1965) . Volatile fatty acids (VFA) were determined in rumen fluid by gas-liquid chromatography using a Varian 2100 instrument 9 equipped with a column packed with 10% SP-1200 1% phosphoric acid on 80-~o to 100-mesh Chromosorb WAW . Samples for gas chromatography were prepared according to Erwin et al. (1961) .
The ratio DAPA:N or DAPA:AA in rumen bacteria was used to calculate the bacterial N or AA in duodenal digesta. Data were analyzed by analysis of variance using the Statistical Analysis System u. If significant treatment effects were found (P<.05), Duncan's multiple range test was used to compare treatment means according to Steel and Torrie (1960) .
Results and Discussion
The chemical analyses and in situ digestibility of raw, extruded and roasted cottonseed is in table 2. Roasting increased the amount of ADIN in cottonseed, and markedly decreased nitrogen solubility. Extrusion of cottonseed did not increase ADIN content, but did cause a modest decrease in nitrogen solubility. Disappearance of crude protein from dacron bags placed in the rumen for 12 h was 84.7, 56.7 and 65.3% for CS, ECS and RCS, respectively.
The intake of organic matter (OM) was similar across treatments (table 3) , and although it was relatively low in this experiment as compared with other trials (Merchen, 1983; Anderson et al., 1979) , the cows consumed more than the required amount of energy and accepted the diets well despite hot summer weather. Flow of digesta at the duodenum, ileum and feces was not affected by heat treatment. Flow of organic matter to the proximal duodenum, terminal ileum or feces was not different across treatments. However, a consistent trend for higher organic matter flow in RCS was observed as compared to CS.
A decrease (P<.05) in organic matter apparently digested in the stomach was observed in RCS compared to CS, but no difference was found between ECS and CS. There was no difference between treatments in OM digestion after correction for bacterial mass in the duodenal flow. The higher (P<.05) OM disappearance in the small intestine in RCS compared with CS indicates that the heat treatment, as used in the present experiment, did not cause adverse effects on the digestion of OM in the small intestine. Post-ileum digestion of OM was not different across treatments, but a trend for higher digestion was observed with RCS compared with CS and ECS. The total gastrointestinal tract (GI) digestibility was higher (P<.05) with ECS compared with RCS, but that of RCS and CS were similar. Bacterial crude protein yield was not different across treatments. However, the trend for being higher with ECS and RCS indicates that bacterial growth was not affected by heat treatment. Intake of ADF was similar across treatments (table 4) and ADF flow to the proximal duodenum and to the terminal ileum was higher (P<.05) with RCS as compared with ECS and CS, but similar for all treatments in the ileum. The higher (P<.05) digestibility of ADF in the stomach for CS and ECS than RCS may be the result of a higher ADIN content of the latter. The relative low digestibility of ADF in the stomach in all treatments may be due to the very high oil content of the diet which can decrease fiber digestibility. A trend for a greater flow of ADF to the ileum than to the duodenum is apparent, and although not significant, it was observed in all three diets. As a consequence, ADF disappearance values in the small intestine were negative. If these differences are real, it may indicate that digesta flow to the duodenum was underestimated, and digestibility of digesta components in the stomach was overestimated for the three diets. It is also possible that some of the material from sloughed intestinal cells and intestinal secretions was measured as ADF, thus contributing to the negative digestibility of ADE Acid detergent fiber is that which is insoluble in an acid-detergent solution. Keratinized epithelial cells from the GI tract may not be totally solubilized by acid detergent solution. The lignin content of the diet was 7%, thus providing an adequate amount for marker purposes. It is also possible that the slight underestimation of flow of digesta components to the duodenum may be the result of a moderate overestimation of lignin at the proximal duodenum (Fahey and Jung, 1983) or of unrepresentative sampling of duodenal or ileal contents.
A small post-ileum digestion of ADF was observed. It is probably due to cecal and large intestine fermentation, as shown by Beever et al. (1972) . Apparent digestibility of ADF in the total GI tract was similar for all diets. These data suggest that there was no negative effect of heat treatment on fiber digestibility.
Ruminal ammonia concentration was lower (P<.05) with ECS and RCS than with CS (table  5) . However, ruminal ammonia concentration for ECS was intermediate between CS and RCS. There was no effect on molar concentrations of total VFA, indicating that the heat treatment did not have a detrimental effect on the rumen fermentation. Similar results were obtained by Mielke and Schingoethe (1981) when extruded soybeans or raw soybeans were fed to Holstein cows, and by Giimp et al. (1967) who compared heated soybean meal (149 C for 4 h) and regular soybean in young lambs. Acetate and total VFA tended to decrease and propionate was reduced (P<.05) in cows fed ECS or RCS. This corresponds with the trend toward a lower OM and ADF digestibility in the stomach observed with the processed cottonseeds.
Concentrations of volatile isoacids were lower (P<.05) with the heat-treated diets, similar to observations reported by Glimp et al. (1967) , who found isovalerate concentrations of 0.36 and 0.15 mM for unheated and heated soybean meal. Similar trends were observed in Holstein cows fed extruded soybeans (160 C) where the mM concentrations in rumen fluid for isobutyrate and isovalerate for control and treatment animals were 2.2 vs 1.4 and 3.6 vs 2.9 (Mielke and Schingoethe, 1981) . The decline in concentration of isoacids suggests that heat treatment reduced the degradability of their precursors, the branched chain amino acids (Hungate, 1966) .
Nitrogen intake was similar for all treatments (table 6). Non-ammonia N (NAN) flow to the proximal duodenum tended to be greater for the processed CS than for raw CS, but the effect was significant for RCS only. Bacterial N flow to the duodenum, although not different across treatments, tended to be greater with processed rather than with raw CS.
The dietary N flowing to the duodenum (% of intake) was higher (P<~.05) with RCS compared with CS, suggesting that the roasting process conferred substantial protection to protein in whole cottonseed. These data are in agreement with observations of higher N flow to the duodenum of lambs (Hudson et al., 1970) fed heated soybean meal (149 C for 4 h), steers (Nishimuta et al., 1974) fed heat treated soybean meal (149 C for 4 h), and steers fed roasted soybean meal (145 C; Plegge et al., 1982) . Nitrogen disappearance in the small intestine tended to be greater for the processed CS than for the raw CS, and differed (P<.05) for RCS. Fecal excretion of N was greater (P<.05) for RCS and ECS or CS, reflecting the greater amount of ADIN in the roasted cottonseed (table 2) . Als0, nitrogrn intake was greatest for RCS, and this would contribute to this observation. The apparent digestibility of NAN in the small intestine averaged 54.6% for all treatments, slightly lower than is often observed (Merchen, 1981) . As with the ADF fraction, this suggests that NAN flows to the small intestine may have been underestimated.
The intake of ADIN was higher (P<.05) for RCS compared with CS and ECS. The ADIN content of whole cottonseed was 7.8%. Extrusion did not change ADIN content, but roasting increased it to 12%. Plegge et al. (1982) found the ADIN content of soybean meal heated for 6 h at 159 C in a forced-draft oven to increase from 4.1 to 15.8%. A similar trend and extent were observed by Kung and Huber (1983) . A consistent trend for a higher (P<.05) flow of ADIN to the proximal duodenum, terminal ileum, and feces was observed with RCS. However, the apparent digestibility of ADIN (% of intake) in the total GI tract was -.2, 14.0 and 17.9 for CS, ECS and RCS, respectively (table 6). The digestion coefficients observed for ADIN in the total GI tract are close to the values of 11 to 23% for apparent digestibility of ADIN in heated alfalfa silage fed to sheep (Yu and Veira, 1977) . These observations suggest that ADIN can be digested to some extent.
Intake of amino acids (AA) was similar for all treatments (table 7) . The flow of AA to the proximal duodenum, however, tended to be higher on the processed cottonseed diets and CAcid detergent insoluble N. greater (P<.05) for the RCS diet. Compared with CS, ECS and RCS increased flow of total amino acids to the intestine by 17 and 40%, respectively. The conditions for the RCS treatment were more extreme in both temperature and exposure time, suggesting that the extrusion process did not provide enough heat for optimum protection.
The disappearance of AA in the small intestine followed the same trend of AA flow to the duodenum. Disappearance of total essential (EAA) and total non-essential (NEAA) was larger (P<.05) for RCS compared with CS. The same is true for ECS, although not at a significant level. The amount of AA that disappeared in the small intestine with RCS as compared with CS was 62 and 48% greater for EAA and NEAA, respectively. The relatively large increase in amount of EAA absorbed is noteworthy. The AA disappearance in the small intestine was greater than that of N. This has been reported before (Tagari and Bergman, 1978) and is probably due to secretion of nonamino compounds through bile and other secretions.
Calculated flow of total AA of dietary and endogenous origin (total -bacterial amino acids) to the duodenum followed the same trend observed for total amino acid flow (table 8) . Protozoa were observed in negligible numbers in the rumen fluid after centrifugation or by microscopic examination, suggesting that use of DAPA as a marker may have given a fairly accurate estimate of microbial protein. Depression of protozoa counts in the rumen may be due to the large amount of unsaturated oil from cottonseed and corn grain (ca 1100-1200 g oil/d) (Czerkawski et al. 1975) .
Significantly larger amounts of dietary AA flowed to the duodenum for RCS than CS. Approximately 40,47 and 59% of AA of dietary origin escaped degradation for CS, ECS, and RCS treatments (table 8) . These values reflect some endogenous protein and therefore are slight overestimates. The results are in agreement with the linear increase in nitrogen flow to the duodenum in steers as roasting temperature of soybean meal increased from 115 to 145 C (Plegge et al., 1983) . Cottonseed supplied an average of 1228, 1243 and 1293 g of AA in CS, ECS and RCS respectively. Calculation of the amounts of AA of cottonseed origin absorbed in the small intestine, assuming similar absorption of all dietary AA, showed that approximately 442, 560 and 698 g AA of cottonseed origin were absorbed in the small intestine with the CS, ECS and RCS diets, respectively. This would mean that extruding and roasting increased the utilization of raw cottonseed AA by 27 and 58%~ respectively. No difference across treatments was observed in individual AA intake (table 9). A trend toward a greater AA flow into the duodenum is seen for both processed cottonseed diets, except for histidine in ECS treatments. The flow was higher (P<.05) for I0 out of the 16 AA analyzed for the RCS diet.
The trend toward a larger flow of branchedchain amino acids with RCS corresponds to the decrease (P<.05) in concentration of isobutyrate and isovalerate in the rumen (table 5) . A similar trend was found with ECS. The flow of lysine, although not significantly different between treatments, tended to be higher for RCS and ECS, indicating that heat treatment did not destroy significant amounts of lysine. At the terminal ileum only arginine and aspartic acid flow were higher (P<.05) in RCS compared with CS. The disappearance of amino acids in the small intestine corresponded well with the differences observed in flow to the duodenum. Serine and tyrosine had a higher (P<.05) disappearance in ECS compared with CS. The disappearance or apparent absorption of proline, which has been recently suggested as a limiting AA for milk production (Alumot et al. 1983) , was higher (P<.05) for RCS only. The increase (P<.05) in absorption of arginine, which is used as a precursor of proline in the mammary gland, was even higher. Since the amounts of OM digested are similar for all treatments, and microbial protein yield per 100 g OM truly digested in the rumen was only slightly higher in the processed CS treatments, the difference in AA absorption in the small intestine could be attributed mainly to the undegraded fraction of dietary AA (table 9) . A trend for greater amounts of AA of dietary origin flowing into the small intestine is apparent (table 10) , and is greater (P<.05) for 10 of the 16 AA determined. The same is true when expressed as percentage of intake, but again the significantly higher escape from degradation was found with RCS only.
In conclusion, heat treatment of whole cottonseed by extrusion or roasting decreased the amount of protein in cottonseed that was degraded in the rumen and increased the supply of amino acids to the intestine. Net uptake of amino acids from the intestine was increased, especially with the roasted cottonseed. The degree of heating obtained with extrusion or roasting procedures as practiced commercially is probably insufficient for maximum utilization of protein by ruminants.
